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a  b  s  t  r  a  c  t
Although  post-traumatic  cerebral  infarction  is  a known  complication  of  craniocerebral  trauma,  border-
zone  infarction  (BZI)  after multiple  traumas  in young  adults  are  uncommon  and  published  data  on  this
are extremely  scant.  We  present  an  unusual  occurrence  of  unilateral  borderzone  infarction  in a  21-year-
old male  who  sustained  multiple  traumas  in a trafﬁc  accident,  which  included  mild  head  injury,  blunt
cardiac  injury,  right  traumatic  hemopneumothorax,  and  three  long  bone  open  fractures.  Initial  head  scanvailable online 21 January 2011
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orderzone infarction
ost-traumatic
emorrhagic shock
revealed  mild  brain  edema,  and  the BZI  was  uncovered  by a  repeated  brain  CT scan  since  the  patient  had
a delayed  neurological  deﬁcit  which  was  incompatible  for the  injury  severity  of the  head.  Comprehensive
work-up  was  performed  and a narrowed  right  internal  carotid  artery  was disclosed  by CT angiography.
Although  unilateral  BZI  is  extremely  rare  in young  patients,  emergency  physicians  should  still  keep  in
mind  to  warrant  serial  examinations  for BZI  and  early  recognition  to provide  appropriate  treatment.
ical Aarotid artery stenosis © 2011 Surg
. Introduction
Brain infarcts after multiple traumas in young adults are uncom-
on  and data on this are extremely scant. The putative mechanisms
f borderzone infarction (BZI) are shock, cardiac injury, coagu-
ation disorder, emboli, hypoxia, etc. Patients with polytrauma
omplicated further by stroke could be underrepresented and the
agnitude of the problem not realized.1,2
Not only cerebral infarction but cerebral ischemia due to large
rterial occlusion might also cause minor tissue damage in the cere-
ral cortex which is not easily detected as infarction on radiological
maging.3 Momjian-Mayor et al. has reported the positive asso-
iation between unilateral borderzone infarction (BZI) and both
nternal carotid artery (ICA) occlusive disease and hemodynamic
mpairment.4 BZI is the infarcted lesion between the territories of
ajor arteries of the brain. Acute reductions in cerebral perfusion
ressure can cause ischemic infarction at the border zones between
ajor cerebral arterial territories.
We present a 21-year-old male patient who experienced unilat-
ral BZI after polytrauma which including blunt head trauma, blunt
ardiac injury, pulmonary contusion, liver contusion and multiple
imb fractures. As the left internal carotid artery was  only 44% of
he diameter of the right one, the latter might not have been able
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to provide adequate blood ﬂow and therefore induced ischemia in
ipsilateral cerebral watershed areas when he was in severe hemor-
rhagic shock. Unilateral border-zone infarcts were then identiﬁed
by a repeat brain CT scan. He had an uncomplicated hospital stay
and made a complete recovery without signiﬁcant neurological
deﬁcit after 3 months of hospitalization.
2. Case report
A 21-year-old male presented to our emergency department
in a hypotensive status after a motorcycle accident. Deformed
limbs and multiple bleeding wounds over the torso and limbs
were found and primarily managed by the emergency medical
team at the scene. The physical examination on arrival revealed
tachycardia, a pulse rate of 130 beat per minute, with a systolic
blood pressure of 75 mmHg. A transient loss of consciousness was
recorded. His Glasgow coma score was E3V4M6 without any other
neurological deﬁcits. Subsequent examinations demonstrated mul-
tiple open fractures over his right femoral shaft, ipsilateral tibia,
ﬁbula, radius and ulna. Initial computed tomography of his head
revealed right brain edema with narrowed ventricle (Fig. 1). Blood
tests reported a pH of 7.309, base excess of −8.9, hemoglobin of
3.6 g/dl, hematocrit of 10.4%, International Normalized Ratio (INR)
of 1.98, total creatine kinase (CK) of 359 U/L, CK-MB of 20.26 U/L
and troponin-I of 0.332 ng/ml. His arterial blood gases after oxy-
Open access under CC BY-NC-ND license.gen inhalation were recorded as follows: PaCO2, 30.2 mmHg  and
PaO2, 202.9 mmHg. EKG revealed sinus tachycardia and nonspeciﬁc
T-wave changes. Vigorous ﬂuid resuscitation including blood trans-
fusion was instituted but his hemodynamic status improved poorly.
 BY-NC-ND license.
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nal carotid artery and normal architecture of intracranial arteries.
Although the diameter of the right internal carotid artery was  only
44% of the left one, the simultaneous carotid sonography con-
ﬁrmed that the vessel was  still able to maintain sufﬁcient bloodig. 1. The initial CT scan showed right-brain swelling and narrow ventricles (arrow-
ead a). A subcutaneous hematoma was  noted over right occipital-temporal region
arrowhead b).
ortable trans-thoracoabdominal sonography was done with neg-
tive ﬁnding of internal bleeding or hemo-pneuomothorax. Since
o obvious intraperitoneal or intrathoracic bleeding was  identiﬁed,
rthopedic damage control surgery was immediately performed.
After surgery, he was transferred to the intensive care unit
ith mechanical ventilation. Propofol (1–5 mg/kg/h) was offered
s sedative. Then, his hemoglobin level rose to 10.7 g/dl and the
NR also returned to normal range. Troponin-I level was  rechecked
o reveal a 3.108 ng/ml. Blunt cardiac injury was highly suspected.
On the next day, the patient developed delayed right hemoth-
rax and pneumothorax that were soon identiﬁed by bedside
onography and controlled promptly by a tube thoracostomy. After
lood transfusion, his general condition gradually improved. The
edative agent, propofol, was then discontinued on the third day.
welve hours later, his Glasgow coma score went to E2V2M5 with
ormal pupil size and light reﬂex. A brain CT scan was arranged
ecause of the incompatibility between his level of conscious-
ess and the initial CT ﬁndings which showed brain parenchymal
ypodensity over the right and frontal cerebral cortex and parieto-
ccipital cortex (Fig. 2). The diagnosis of border zone infarction
as conﬁrmed by a neurologist consultant. For lesion detection, CT
ngiography of his head and neck was performed which revealed
ormal architecture of intracranial artery and a long segmental
uminal narrowing of the right internal carotid artery (Figs. 3 and 4).
ubsequent carotid and transcranial sonography showed a normal
ow without intravascular emboli or any other obstruction. No MRI
as performed because of his unstable vital sign.
The patient recovered slowly and was eventfully transferred to
 regular ward fully conscious on the 13th day of admission. His
lasgow coma score then went to E4V5M6 without obvious neu-
ological deﬁcits except weakness over fractured limbs was noted.
ehabilitation service was scheduled.
. Discussions
Stroke in healthy young adults is rare but sometimes noted
fter severe multiple traumas. The mechanisms of the complication
re still not clear. Craniocervical artery dissection, shock, cardiac
njury to the wall and valve with arrhythmia, fatty emboli and
oagulopathy are all presumed as putative mechanisms.1,2,5,6Fig. 2. Brain CT demonstrated parenchymal hypodensity over the right frontal
cerebral cortex (arrowhead 1) and parieto-occipital cortex (arrowhead 2) without
intracranial hemorrhage. Border zone infarcts were impressed.
Our case sustained mild head trauma with transient loss of
consciousness and was  presented to our hospital hypotensive. We
were worried about the increase in intra-cranial pressure and the
decrease in cerebral blood ﬂow might develop causing ischemia
or infarction in cerebral arterial borderzone.4,7 The typical pat-
tern of cerebral arterial borderzone infarction are multiple discrete
white matter infarctions.8 In patients without craniocervical artery
injury, BZI is usually distributed bilaterally.8,9 The infarcted lesions
in our case were predominantly on the right hemisphere, and this
unilateral manifestation implied the potential existence of throm-
boembolic lesions or craniocervical vascular injuries.2,7 The head
and neck CT angiography showed a relatively narrow right inter-Fig. 3. CT angiographies showed the right internal carotid artery was  narrowed with
a  diameter of 44% of the left one. Arrowhead located the internal carotid artery.
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mechanisms of territorial and nonterritorial cerebellar infarcts in 115 consec-ig. 4. CT angiographies showed the right internal carotid artery was narrowed with
 diameter of 44% of the left one. Arrowhead located the internal carotid artery.
ow in a normotensive state, but might not provide adequate
lood ﬂow in the hemodynamically impaired situation. We  there-
ore presumed that this small-sized internal carotid artery made
is borderzone area more vulnerable to hypotension and induced
schemia in ipsilateral cerebral watershed areas when he was in
evere hemorrhagic shock. Similar association of the hemodynamic
echanisms with severe internal carotid artery stenosis to cause
troke was reported.10 That also might explain why the patient’s BZI
as distributed merely over the right frontal and parieto-occipital
erebral cortex. Though unclear, craniocervical artery dissection
nd hypoperfusion are frequently referred as the mechanism of
troke after polytrauma.2 Another study also provides critical data
f mean arterial pressure to induce ischemic damage, indicating
hat a sharp fall of mean arterial pressure would result in a general
ecrease in the number and surface area of perfusion capillaries
n the brain region, especially over the borderzone.11 These would
upport our presumption that hemorrhage shock caused hypop-
rfusion and this was coincidentally further aggravated by the
mall-sized internal carotid artery leading to the cerebral ischemia.
ongenital abnormality was ﬁrst thought to be the cause of the
arotid artery stenosis of the patient.12 since there were no neck
njury or carotid artery dissection noted in our case.
Cerebral thromboembolism and fat embolism were also sus-
ected to cause stroke since blunt cardiac injury with arrhythmia,
ultiple long bone open fractures and acute respiratory failure
ere all noted in our patient.10,13 Apparently different from the
attern of BZI, infarctions between the anterior cerebral artery
nd the middle cerebral artery or between the middle cerebral
rtery and the posterior cerebral artery, these entities were conse-
uently excluded from our case because the infarctions resulting
rom thromboembolism and fat embolism are usually noted in
he deep white matter or deep brain structure. Furthermore, the
ardiac sonography did not show abnormal ﬁndings in valvular
tructures, the cardiac wall, or any intracardiac thromboembolism.
n the other hand, the patient had experienced acute respiratory
ailure caused by pulmonary contusion, but the serial chest ﬁlms
nd clinical presentation did not reveal any evidence supporting
he existence of pulmonary embolism.Prompt diagnosis of delayed intracranial lesion in polytrauma
atients on sedative agents and muscle relaxants is always trou-
lesome for most physicians. Intracranial pressure monitoring mayPEN  ACCESS
gery Case Reports 2 (2011) 235– 238 237
provide useful information but was not be utilized in this patient.
The BZI was identiﬁed on day 4 after hospitalization. There was  only
mild brain edema found in our patient’s initial head scan; his poor
recovery in level of consciousness alerted us and warranted per-
forming the 2nd brain CT scan. Incompatible consciousness with
CT scan was the only sign of ischemic stroke in our patient. Suspi-
cion of delayed intracranial lesion should arouse when any patient
has a delayed neurological deﬁcit inappropriate for the severity of
the head injury.
4. Conclusion
Multiple traumas are lethal and complicated. Early recognition
of post-traumatic stroke in polytrauma patients is indeed difﬁ-
cult and challenging. Timely increase of the cerebral perfusion
pressure by increasing mean blood pressure or recanalization of
stenotic vessels may  help these patients in time. Although the
entity of post-traumatic BZI is rarely encountered clinically, emer-
gency physicians should still keep in mind the complication to avoid
delayed diagnosis and treatment.
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